Introduction
============

Free radicals are the reactive molecules produced during metabolic processes in the human body. High levels of free radicals can lead to destruction of proteins, lipid membrane and nucleic acids, and eventually cell death. These unstable molecules are implicated in the pathogenesis of various chronic diseases such as atherosclerosis, myocardial insufficiency, autoimmune diseases, and type 2 diabetes ([@B1]). Oxidative stress markers in tissue injury and antioxidant systems include superoxide dismutase (SOD), glutahione peroxidase (GPx), glutathione reductase (GR), catalase, ceruloplasmin, metallothionein proteins, etc. ([@B2]).

Various methods can be used to evaluate the antioxidant status through measuring total antioxidant capacity (TAC). The major advantage of this method is that instead of only measuring the level of one antioxidant, all antioxidants in a biological specimen are measured simultaneously. Accordingly, TAC is used as a new biomarker for diagnosis, prognosis, and prevention of many diseases including diabetes ([@B3]). Therefore, measuring TAC as an indicator of all oxidative stress agents and the defensive effects of antioxidants can be used as the first step to evaluate a patients' health status ([@B4]).

Different mechanisms are proposed to increase intraand extracellular glucose concentrations and the resultant oxidative stress including glucose auto-oxidation, glucose non-enzymatic glycosylation, and increase in the level of glucose derived from the final product of advanced glycosylation. Evidence suggests that oxidative stress due to hyperglycemia presents before the development of diabetes complications ([@B5]).

Type 2 diabetes is a chronic disease that significantly affects the patients' quality of life and considering the prolonged course of the disease and its complications and the fact that they could be prevented, early diagnosis in patients with risk factors seems to be of utmost importance. Hence, routine screening for diabetes starts at age 45 years and is repeated at least every three years, while in subjects at risk it is started earlier ([@B6],[@B7]).

American Diabetes Association (ADA) is always trying to update its guidelines in order to diagnose patients with diabetes earlier with a higher accuracy. According to their latest guidelines, type 2 diabetes is defined as hemoglobin A1c (HbA1c) ≥6.5%, fasting blood sugar (FBS) ≥126 mg/dL, or a 2-hour post prandial glucose ≥200 mg/dL after 75 g oral glucose intake ([@B8],[@B9]).

Recently, extensive research is conducted on different roles of vitamin D and it is found to have various roles other than the previously known function in the metabolism of skeletal systems and regulation of calcium and phosphorus ions, including neuromuscular function, cancer prevention, and risk reduction in cardiovascular diseases, hypertension, dyslipidemia, and diabetes ([@B1], [@B10], [@B11]). Also, vitamin D is attributed to prevention of chronic diseases such as diabetes, cardiovascular diseases (CVD), and chronic kidney disease (CKD) by regulation of oxidative stress through the following ways: it induces the expression of several molecules involved in the antioxidant defense system including glutathione (GSH), GSH peroxidase, and superoxide dismutase (SOD), and suppresses the expression of NADPH (nicotinamide adenine dinucleotide phosphate) oxidase ([@B12]).

Studies show that a decrease in serum vitamin D level is associated with an increase in FBS, decrease in sensitivity to insulin, and increased risk of type 2 diabetes ([@B13]) and it can affect blood glucose control and oxidative stress in patients with diabetes ([@B14]). A direct correlation was also found between serum vitamin D levels and the TAC ([@B15]). This vitamin can protect the cell membrane by inhibiting lipid peroxidation and exert its antioxidant effects through changing antioxidant enzymes ([@B16]-[@B18]). It acts as a scavenger of free radicals in the early stages, before activation of pathways against oxidative stress ([@B1], [@B10], [@B11], [@B16], [@B19]-[@B21]). Accordingly, the current study aimed at comparing the serum vitamin D and TAC levels in non-diabetic and diabetic subjects and evaluating the correlation between the two.

Materials and Methods Study subjects
====================================

The current analytical, cross sectional study was conducted on 214 subjects aged above 18 years including 107 patients with diabetes (HbA1c \>6.5%) and 107 non-diabetic subjects (HbA1c \<6.5%), referred to Central Laboratory of Rassool Akram Hospital from 2015 to 2016 with a request of vitamin D serum level measurement as the sample population. The study objectives were fully explained to the patients and after obtaining their consent, the study was performed. The exclusion criteria were CKD, thyroid diseases (hyperand hypothyroidism), liver failure, pregnancy, and breastfeeding, specific nutritional regimens, alcohol consumption, cigarette smoking, blood donation in the last six months and a positive history for taking lipid reduction pharmaceutical agents, anticonvulsants, vitamin D or calcium supplements, and any other medications affecting bone metabolism.

**Sample collection**

After eight hours of fasting overnight, 10 mL of venous blood was collected from the participants. Serum was separated from the coagulated blood in the tubes via centrifugation at 2000 rpm for 15 minutes at 4°C. Samples were then transferred into 2 mL specific microtubes and stored at -20°C.

**Laboratory analysis**

TAC was measured using the ferric reducing antioxidant power (FRAP) assay (ZellBio ELISA Kit, Germany), 25-hydroxyvitamin D was measured by the Euroimmun ELISA (the enzyme-linked immunosorbent assay) kit (Germany) and the serum concentrations of FBS, uric acid, albumin, and total bilirubin were assessed using the AutoAnalyzer device BT3000 via Pars Azmoon ELISA kits( Pars Azmoon Co., Tehran, Iran).

**Statistical analysis**

Qualitative and quantitative variables were compared using the Chi-Square test and the Student t test, respectively. Correlation between the main variables of the study was assessed based on the Pearson correlation coefficient. Since TAC is significantly correlated with uric acid levels, calculated total antioxidant status (cTAS) was also computed based on the formula presented by Anvari et al., ([@B10]) and compared between the two groups: cTAS=(0.63 × albumin)+(1.02 × uric acid)+(1.53 × bilirubin)

Eventually, linear regression analysis was performed to control the effects of confounding factors. Results were presented as regression coefficient and 95% confidence interval (CI) for the main variables. All the analyses were performed with SPSS version 20 (Chicago, Illinois, SPSS Inc.), considering a P-value of \<0.05 as statistically significant.

Results
=======

The sample population comprised of 107 patients with diabetes (42.1% male) and 107 non-diabetic subjects (29.9% male). In order to assess the agreement between the two ELISA kits used to measure TAC, the serum samples of four patients were evaluated by both kits and the results showed no significant difference between the two (*P*=0.789).

###### 

Demographic Characteristics and Laboratory Results in the Two Groups of Diabetics and Non-diabetic Subject

  **Characteristic**                **Non-diabetic**   **Diabetic**   **P-value**
  --------------------------------- ------------------ -------------- -------------
  **Age ( yr)**                     49.0±15.1          58.94±11.7     \<0.001
  **Male gender, n (%)**            32 (29.9)          45 (42.1)      0.064
  **BMI( kg/m** **2** **)**         26.0±5.3           28.1±5.2       0.004
  **HbA1c (%)**                     5.5±0.5            7.8±1.5        \<0.001
  **Fasting blood sugar (mg/dL)**   98.2±12.3          180.4±70.3     \<0.001
  **Vitamin D (ng/mL)**             15.67±6.3          9.6±5.3        \<0.001
  **TAC (µm/L)**                    448.3±112.8        339.1±47.9     \<0.001
  **Uric acid (mg/dL)**             5.5±1.5            5.0±1.2        0.035
  **Albumin (mg/dL)**               4.0±0.4            2.8±0.71       \<0.001
  **Total bilirubin (mg/dL)**       0.88±0.38          0.62±0.16      0.008
  **cTAS (µM/L)**                   9.6±1.8            7.2±1.2        \<0.001

BMI: body mass index; TAC: total antioxidant capacity; cTAS: calculated total antioxidant status

[Table 1](#T1){ref-type="table"} presents the differences between the two groups of non-diabetic and diabetic subjects regarding their demographic characteristics and laboratory results. Accordingly, age, body mass index (BMI), FBS, and HbA1c were significantly higher in the diabetics group, while their levels of vitamin D ([Figure 1](#F1){ref-type="fig"}), TAC ([Figure 2](#F2){ref-type="fig"}), cTAS, uric acid, total bilirubin, and albumin were significantly lower than those of the control group.

Correlation between TAC levels with the main variables of the study was assessed and the results are presented in [Table 2](#T2){ref-type="table"}.

As can be observed, TAC level was negatively correlated with age (r=-0.20, *P*=0.003), FBS (r=-0.38, *P*\<0.001), and duration of diabetes (r=0.2, *P*=0.003). The correlation between TAC level and vitamin D concentration, which was a weak and positive relationship, although statistically significant (r=0.2, *P*=0.003) ([Figure 3](#F3){ref-type="fig"}).

Multivariate linear regression analysis was used to assess the effects of confounding factors on the correlation between vitamin D level and TAC. Due to the heteroscedasticity, TAC logarithm was used in this analysis. Confounding factors in the model included age, HbA1c, and duration of diabetes.

###### 

Correlation Between TAC Level and the Main Variables Assessed in the Study

  **Characteristic**         **TAC**   
  -------------------------- --------- ---------
  **Age**                    -0.20     0.003
  **BMI**                    0.10      0.145
  **FBS**                    -0.37     \<0.001
  **HbA1c**                  -0.40     \<0.001
  **Duration of diabetes**   -0.66     \<0.001
  **Vitamin D**              0.2       0.003

BMI: body mass index; FBS: fasting blood sugar; HbA1c: hemoglobin A1c; TAC: total antioxidant capacity
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###### 

Multivariate Linear Regression Analysis on the Level of TAC

  **Variable**               **Beta Coefficient**   **95% CI**       **P-value**
  -------------------------- ---------------------- ---------------- -------------
  **Age**                    0.02                   -0.001, 0.001    0.680
  **HbA1c**                  0.079                  -0.003, 0.015    0.204
  **Duration of diabetes**   -0.82                  -0.026, -0.019   \<0.001
  **Vit D**                  -0.06                  -0.003, 0.001    0.267

Based on the results of this analysis presented in [Table 3](#T3){ref-type="table"}, a negative significant correlation was observed between the duration of diabetes and the TAC level (*P*\<0.001) and the differences in the logarithm of their TAC levels remained significant between the two groups.

Discussion
==========

Considering the importance of controlling free radicals in progression of diabetes complications and the fact that vitamin D might have played a role to protect the pathways, the current study aimed at comparing the level of vitamin D and TAC in the two groups of diabetic and non-diabetic subjects and assessing the correlation between the two factors.

Based on the results of the current study, both TAC and vitamin D levels were significantly lower in the diabetic group and a weak significant correlation was observed between the two factors. In the multivariate regression model employed in the current study, the duration of diabetes was also significantly associated with TAC.

In previous studies, the rate of vitamin D deficiency in diabetic and non-diabetic subjects was reported 82% and 75% in the Iranian population, respectively ([@B11]). However, considering a vitamin D level of \<30 ng/mL in the current study, the rate of vitamin D deficiency and insufficiency was 99.5% in the whole sample population. This rate was 100% in the current study patients with diabetes and 91.9% among nondiabetic subjects. The higher prevalence of vitamin D deficiency and insufficiency could be attributed to the low sample size of patients evaluated in the current study, and the inclusion and exclusion criteria established for it. For instance, including subjects less than 18 years old or other groups that were excluded from the current study might have changed the overall calculated rate. Possible explanations for the high rate of vitamin D deficiency in Iranian population are lack of exposure to sunlight, skin pigmentation, dietary habits including low daily vitamin D intake and probably polymorphism in the genes of vitamin D receptor (VDR), and vitamin D-binding protein (VDP) ([@B22], [@B23]).

In the study conducted by Saedisomeolia et al. ([@B11]), 100 patients with diabetes were compared with 100 healthy subjects regarding their serum levels of vitamin D, calcium, phosphorus, parathyroid hormone, glucose, HbA1c, and TAC. They reported that 82% of the patients with diabetes and 75% of healthy subjects had vitamin D deficiency and insufficiency. Vitamin D level was negatively correlated with glutathione reductase (GR) and glutathione peroxidase (GPx) activity and was positively associated with TAC level. These researchers mentioned that vitamin D could be effective in controlling blood glucose level and oxidative stress in patients with diabetes. Their findings were quite similar to the results of the current study, which were indicative of a weak correlation between vitamin D and TAC levels. The current study could also argue that vitamin D supplementation might be able to improve oxidative stress in patients with diabetes; however, such deduction can only be made through implementation of clinical trials on diabetic subject.

In another study by Saif-Elnasr et al. ([@B21]), vitamin D level and oxidative stress were compared between the patients with diabetes and the controls. The results showed a significantly lower level of vitamin D among subjects with diabetes (*P*=0.015) compatible with the results of the current study. GPx activity was also significantly lower in this group (P=0.0480). They found no significant correlation between vitamin D level and GPx activity. The authors noted that vitamin D played an important role in the pathogenesis of type 2 diabetes and its supplementation can improve glycemic control and oxidative stress status in patients with diabetes. The fact that these researchers only evaluated the level of GPx activity and not the overall TAC, might be the reason they did not find a significant correlation.

Considering the significant correlation between serum uric acid level and TAC (24), its concentration was also measured and compared between the two groups in the current study. The serum level of uric acid, total bilirubin, and albumin were all significantly lower in the group with diabetes compared with those of the control group. Accordingly, cTAS was also significantly lower in patients with diabetes congruent with previous studies showing that the antioxidant effects of uric acid were higher in the nondiabetic subjects ([@B10]).

Current evidence implicates various factors to develop oxidative stress and its severity in patients with diabetes. Identification of all these factors demands extensive research on patients with diabetes at different stages of their disease, taking into account the duration of diabetes, and presence and severity of its complications. The antioxidant capacity of the serum based on both TAC and cTAS can help to provide a better control of the disease in patients with diabetes, prevent long-term complications, and even predict development of the disease in subjects at risk through measuring oxidative stress-related metabolites in the cells exposed to high blood glucose levels; although the evidence of the significant role of vitamin D on inflammation, insulin resistance, and insulin secretion in the pathogenesis of obesity, metabolic syndrome, and type 2 diabetes, its potential function in treatment and prevention of type 2 diabetes mellitus is unclear ([@B25]).

The current study was conducted as a cross sectional survey, which could be pointed out as one of its main limitations, since it cannot provide evidence on the direct effects of vitamin D supplementation on TAC level. The fact that the current study sample population only included Iranian people was another limitation, which subjects the results of the study to selection bias and the effects of race and nationality.

Conclusion
==========

Overall, the findings of the current study showed a lower TAC in patients with diabetes, which could be attributed to the presence of oxidative stress in the studied subjects. The serum level of vitamin D was also lower in patients with diabetes, which considering the antioxidant effects of this vitamin can further worsen oxidative stress in patients with diabetes. In this regard, supplementation of vitamin D in patients with diabetes might be effective to control negative impacts of the disease and decrease cells' exposure to oxidative environment in prediabetes. Nevertheless, further investigations are required to precisely determine the pathogenesis of oxidative stress in patients with diabetes and its associated factors. It is strongly recommended that clinical trials be conducted to assess the reversibility of the oxidative processes in such patients.
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